Germinating seeds of Tamarindus indica synthesizes various enzymes which are required for the degradation of seed reserves such as xyloglucans, fatty acid esters and proteins. Among these, esterases, belonging to a group of hydrolytic enzymes catalyze the hydrolysis of various types of esters. They play an important role in cell expansion as well as detoxification of xenobiotics and many agrochemicals and insecticides. The esterases are extracted from the germinating tamarind seeds using 50 mM phosphate buffer, pH 7. The Km with α-naphthyl acetate as the substrate is 19.23 µM and the enzymes are optimally active at pH 7.0 to 7.5 and are stable between pH 5.0 to 9.0. The optimum temperature of esterase activity of tamarind seed is between 37˚C -50˚C and is stable up to 40˚C. The activity declined by 30% at 60˚C and about 90% at 70˚C. Highest esterase activity and specific activity are observed on the 21 st day of germination. The polyacrylamide gel electrophoresis (PAGE) indicated the presence of nine isozymes of esterases. Band numbers 1, 5 and 6 are the major esterolytic bands present throughout the germination period while band numbers 2 & 3 are minor bands present only during the latter period of the germination. Based on substrate and inhibitor specificity in conjunction with electrophoresis, the esterases 1 to 8 have been classified as carboxylesterases sensitive to organophosphate inhibitor (OP) and PCMB (p-chloromercuribenzoate) while esterase 9 is classified as carboxylesterase sensitive to OP. These esterases are unaffected by carbamate inhibitor, eserine sulphate.
Introduction
Esterases are an important group of hydrolytic enzymes, catalyzing the hydrolysis of various endogenous and exogenous short chain carboxyl esters. They are widely distributed in nature and occur in multiple molecular forms and exhibit broad substrate specificity [1] . Esterases play an important role in the metabolism and detoxification of agrochemicals. In particular, carboxylesterases play an important role in agrochemical efficacy and detoxification by interacting with two major classes of agrochemicals, organophospate (OP) insecticides and pyrethroids [2] - [4] . The variability in esterase levels and relative isozyme abundance contributes to the selective toxicity of ester-containing insecticides in a range of organisms, from fish to insects and mammals. In animals, OP and carbamate insecticides exhibit their toxicity by irreversibly inhibiting acetylcholinesterase causing the disruption of the nerve impulse transmission due to the buildup of the neurotransmitter acetylcholine. In plants, esterases acts as an insecticide sink and protect insect acetylcholinesterases from OP/carbamate mediated toxicity. The present investigation was carried out to study the variation in esterase activity during the germination of tamarind seeds and characterize the esterases.
Materials and Method

Materials
BSA, glycine, tris, phosphoric acid, hydrochloric acid, glycerol, methanol, acetic acid, bromophenol blue, acetic acid, sodium dihydrogen phosphate, disodium hydrogen phosphate, α-naphthyl acetate, diazo blue B, Fast Blue RR, acrylaminde, methylene bisacrylamide are of analytical grade obtained from Sisco Research Laboratories Pvt. Ltd., India.
The seeds of Tamarindus indica are collected using random sampling technique (RST) from local areas of Bangalore district, Karnataka State, India, during February to May. After dehulling the seeds, immature and damaged seeds are removed and the mature seeds washed under tap water, dried and stored under refrigeration in plastic containers until further use. From this bulk population sample, subsamples are obtained.
Methods
Germination Studies
Healthy Tamarind seeds (one hundred) are soaked in cold 50% H 2 SO 4 for 60 mins and then washed thoroughly with distilled water and dispensed into the soil (1:1 ratio of acid washed sand and cocco peat). The seeds are germinated and the endosperms are collected every alternate day starting from 1 st day till 25 th day.
Extraction of Esterase
A 10% extract of the endosperm (at an interval of every 24 hours during germination) are prepared in 0.05 M phosphate buffer pH 7.0, by blending in a mixer for 5 mins and centrifuged at 10,000 rpm for 15 mins at 4˚C. The resulting supernatant was used for the analysis of esterases and proteins.
Enzyme Assay
Esterase activity using α-naphthylacetate (a stock solution of 0.03 M α-naphthyl acetate in acetone was prepared and diluted 100 times in 0.033 M phosphate buffer, pH 7.0, just before assay) as a substrate was determined [5] [6] 1.0 ml of suitably diluted enzyme extract was added to 5.0 ml of the substrate and incubated for exactly 15 mins at 25˚C. The reaction is stopped by the addition of 1.0 ml of DBLS reagent (5% SDS and 1% diazo blue B mixed in the ratio 5: 2, just before use). One unit of enzyme activity is defined as the amount of enzyme that releases one µmol of α-naphthol per min at pH 7.0 and 25˚C.
Protein Estimation
Protein was quantitatively estimated using bovine serum albumin (BSA) as standard [7] .
Kinetic Parameters
Effect of Time
Effect of time on the crude enzyme extract (15 day endosperm extract) from the seeds of tamarind is carried out by incubating with α-naphthyl acetate for different time intervals and assayed as described above.
Effect of Substrate Concentration
The endosperm extract is assayed for esterase by incubating with different concentration of the substrate, α-naphthyl acetate for 15 mins as described above. Km and Vmax for esterase is determined by construction of LB-plot.
pH Optima
The endosperm extract is assayed, using α-naphthyl acetate in 50 mM buffers of different pH (acetate buffer pH 4.0, 4.5, 5.0 and 5.5, phosphate buffer pH 6.0, 6.5, 7.0 and 7.5, Tris-HCl buffer pH 8.0, 8.5 and 9.0 and carbonate buffer pH 9.5, 10.0, 10.5 and 11.0) as described above.
pH Stability
The endosperm extract is pre-incubated with 50 mM buffers of different pH (acetate buffer pH 4.0, 4.5, 5.0 and 5.5, phosphate buffer pH 6.0, 6.5, 7.0 and 7.5, Tris-HCl buffer pH 8.0, 8.5 and 9.0, carbonate buffer pH 9.5, 10.0, 10.5 and 11.0) for 2 hrs at 4˚C. A known aliquots from the pre-incubated samples were removed and assayed as described above at an optimum pH of 7.0.
Temperature Optima
The optimum temperature is determined by assaying the endosperm extract at different temperatures, such as, 5˚C, 10˚C, 17˚C, 22˚C, 27˚C, 32˚C, 37˚C, 42˚C, 47˚C, 52˚C, 60˚C, 70˚C and 80˚C using α-naphthyl acetate as the substrate, for 15 mins.
Temperature Stability
The endosperm extract is pre-incubated at different temperatures, such as, 5˚C, 10˚C, 17˚C, 22˚C, 27˚C, 32˚C, 37˚C, 42˚C, 47˚C, 52˚C, 60˚C, 70˚C and 80˚C for 30 mins, rapidly cooled to 0˚C and assayed using α-naphthyl acetate at 25˚C, as described above.
Polyacrylamide Gel Electrophoresis (PAGE)
Polyacrylamide gel electrophoresis (PAGE) was performed essentially [8] [9] at pH 8.9. A discontinuous vertical slab gel system (8 cm × 8 cm) containing 10% separating gel and 4.5% spacer gel was used. An aliquot of the enzyme extract suitably diluted with 40% glycerol solution containing bromophenol blue was carefully layered into the wells and subjected to electrophoresis for 2 hrs at 10˚C maintaining a current of 20 mA.
Staining for Esterase Activity
Esterase activities on polyacrylamide gels are detected by the method of Hunter and Markert [10] . The electrophoresed gels were placed in 100 ml of 0.1 M sodium phosphate buffer, pH 7.0, containing 40 mg Fast Blue RR salt and 20 mg α-naphthyl acetate in 1 ml acetone, for 15 minutes at 37˚C. The gels are stored in 7% acetic acid.
Inhibition Studies
Inhibition studies are carried out employing colorimetric method. Suitably diluted enzyme extract (0.5 ml) is pre-incubated with 0.5 ml of different concentrations (1 × 10 -3 to 1 × 10 -10 M) of organophosphate (dicholrvos), carbamates (eserine sulphate) and sulphydryl (PCMB) inhibitors for 30 mins at 27˚C. The residual esterase activity is then assayed using 5.0 ml of α-naphthyl acetate as described above.
Inhibition Studies Employing PAGE
The effect of different inhibitors (dichlorvos, eserine sulphate and PCMB) on the esterases separated after electrophoresis is studied by pre-incubating the gels in different inhibitor solutions (1 × 10 -5 M) for 30 mins, followed by thorough washing of the gels with 0.05 M phosphate buffer, pH 7.0 and staining for esterase activity as described above.
Result
Preliminary experiments are carried out to determine the standard conditions for the assay of esterases from the tamarind seed extract. The esterase activity of the crude enzyme extract is linear up to 50 µg protein (Figure 1 ) and 50 mins (Figure 2) . Km is a measure of the affinity of an enzyme for a particular substrate. The Km value of esterase extract with α-naphthyl acetate as substrate is found be 19.23 µM (Figure 3 and Figure 4) . The pH optima of plant esterases usually lie in the range of 4 to 9. The pH optima of tamarind seed esterase is 7.0 to 7.5 ( Figure 5 ) and is stable between pH 5.0 to 9.0 (Figure 6) . The optimum temperature of esterase activity of tamarind seed is between 37˚C -50˚C (Figure 7) and is stable up to 40˚C. The activity declined by 30% at 60˚C and about 90% at 70˚C (Figure 8) . The tamarind seeds are germinated for 25 days and the changes in total esterase activity, specific activity and protein are followed every alternate day (Figure 9) . Analysis of the total esterase activity pattern during germination of the endosperm showed highest activity on 5 th day, 11 th to 15 th day and 21 st day of germination and lowest activity on 7 th and 9 th day and 17 th and 19 th day. They exhibited a constant cyclic increase and decrease of total activity during the germination period. The specific activity was maximum on 21 st day of germination and exhibited a cyclic increase and decrease of specific activity during the germination period similar to total activity. However, the specific activity constantly increased during the whole germination period reaching a maxi- st day. The total protein of the endosperm is maximum on 1 st and 5 th day of germination and exhibited a cyclic increase and decrease during the germination period similar to total esterase activity. However, in contrast to the specific activity which continuously increased during the germination period, the protein continuously decreased during the germination period reaching a minimum on 19 th day. The effect of continuous decrease in protein and a constant increase and decrease in total esterase activity resulted in a continuous increase in specific activity during the germination period.
Electrophoretic analysis of the esterase activity during the germination from 1 st to 25 th day is shown in Figure  10 . Totally nine isozymes were separated by PAGE. The bands were numbered consecutively from the anodic end of the gel. Band number 1, 4, 5, 6 and 9 are present on all the days while band numbers 2 & 3 were minor bands present only during the latter period of the germination. Band numbers 1, 5 and 6 were the major esterolytic bands present throughout the germination period.
Highest esterase activity and specific activity and very low protein content were present in the endosperms on 21 st day of germination. Hence, 21-day-old germinated endosperms were used to characterize the esterases. The plots of pI (inhibitor concentration) versus percent inhibition of the esterases with dichlorvos, PCMB and esirene sulphate is presented in Figure 11 . Single sigmoidal curves are obtained with both the organophosphate and PCMB, while eserine sulphate did not affect the activity of esterases. Dichlorvos completely inhibited the esterases activity at pI 5, while with PCMB only 50% activity is inhibited. The I 50 of dichlorvos and PCMB are in the range of pI 6 to 7 and pI 5, respectively.
The results of inhibition studies in conjunction with electrophoresis are shown in Figure 12 . The esterolytic bands 1 to 8 are completely inhibited by OP inhibitor PCMBs, while band 9 is inhibited only by OP inhibitor. However, all the bands are resistant to carbamate inhibitor, eserine sulphate. 
Discussion
The esterases have been extracted from plants using various buffer systems and phosphate buffer, pH 7, is found to be ideal for the extraction [11] . During the germination of seeds, there is continuous synthesis and/or degradation of specific enzymes and structural proteins. The appearance of new or increased enzyme activity results from either the de novo synthesis of the enzyme molecule or the activation of a pre-existing enzyme precursor.
Non-specific esterases represent a large, diverse and complex group of major hydrolytic enzymes and posses the property of overlapping substrate specificity, hydrolysing both endogenous and exogenous esters of widely differing structures leading to problems of identification and classification [12] [13] . Generally esterases have been classified into three types based on their interactions with inhibitors [14] . Carboxylesterases are inhibited by OP while cholinesterases are inhibited by both OP and carbamate inhibitors. However, arylesterases are not inhibited by OP but hydrolyze OP while acetylesterases are not inhibited by OP or do not hydrolyze OP.
A subsequent elaboration of the Aldridge and Reiner [14] scheme has been used to classify esterase isozymes detected after native PAGE and stained with various artificial ester substrates, in conjunction with organophosphate (OP), sulfhydryl, and the carbamate inhibitors [15] - [17] . Based on the above studies, the esterases from the tamarind seeds have been classified as carboxylesterases and carboxylesterases sensitive to sulphydryl inhibitors. Similarly on the basis of above criteria, two purified Mucuna pruriens seed esterases (MEIII and ME-IV) separated by PAGE were stained with 1-naphthyl acetate in conjunction with OPs, carbamates and sulphydryl inhibitors and the esterases were classified as carboxylesterases. Similar observations were noticed in case of insect carboxylesterases [18] [19] .
